Abstract In the case described, a completely uncomplicated pregnancy ended with a fatal outcome. Intrauterine fetal death, which was diagnosed prepartum at 40 weeks of gestation, was caused by hemorrhage of the fetus into the amniotic fluid following rupture of the umbilical vein at the site of furcate insertion of the umbilical cord. This insertion anomaly accompanied by rupture of a vessel occurs only very rarely but represents a placental cause of an abrupt and unpredicted end of a pregnancy. Although this process involved trauma, from a medico-legal point of view, there was no sign of external impact and death could, therefore, be classified as natural.
Introduction
The investigation of sudden unexpected death during pregnancy, intrapartum, and postpartum is difficult. In all of these cases, a complete postmortem examination should be carried out to differentiate sudden and unexpected deaths due to natural causes and cases of unnatural death [2, 4, 5, 9] .
The cause of individual cases of intrauterine fetal death (IUFD) may be found to be natural, unnatural, or may remain unexplained. Amongst the unnatural causes of IUFD, blunt injury to the maternal abdomen resulting from road traffic accidents is the most common cause in the third trimester [11] . The possibility of illegal or incorrectly performed abortion as a cause also needs to be considered, especially in the first and second trimesters, but because, presumably, the true nature of considerable numbers of such cases is not identified, reliable statistics for this situation are not available [6, 12] . A wide variety of methods are used to achieve illegal abortion, for example, deliberate blunt trauma to the abdomen, manipulation with instruments, sometimes causing perforation, insufflation of the uterus with air or liquids, and occasionally, the intake of medicines, drugs, or other chemical substances.
The German Federal Statistical Office ("Statistisches Bundesamt") registers only those cases of IUFD due to natural or unknown causes in which the fetus weighs more than 500 g. About 3,000 stillbirths per year have been recorded over the past 10 years in Germany [12] . The large number of cases occurring during early pregnancy is not included because of the weight specification.
More than half (50.5-59.0%) of the cases of IUFD due to natural causes occurred as a result of anoxia associated with a disturbance of placental function, i.e., acute or chronic placental insufficiency [7, 14, 16] . Infection (2.1-21.0%) and congenital abnormalities and malformation (11.4-13.4%) are also common causes. The cause of death remains unclear in 5.4-25.0% of cases of IUFD; in some cases, due to a lack of detailed investigation of the fetus and placenta.
This paper describes a rare lethal complication involving the umbilical cord and discusses the medico-legal implications of a traumatic event during pregnancy.
Case history
A 22-year-old woman, gravida 2, para 0, attended the obstetrician's consulting rooms for a routine antenatal examination at 40 weeks + 2 days gestation. The pregnancy had been uneventful and uncomplicated and there was no relevant history.
On CTG monitoring, it was found impossible to detect fetal heart sounds. The patient reported having last noticed fetal movements the previous day. There was no vaginal bleeding. The patient was referred immediately to the hospital where the diagnosis of IUFD was confirmed. The dead fetus was delivered vaginally. The liquor was heavily blood-stained and blood was seen on the placenta, membranes, and cord insertion.
Autopsy findings

Fetus
The fetus was a mature female infant weighing 3,220 g. Rigor mortis and postmortem lividity were mild, and early signs of maceration were seen. There were no outward signs of congenital malformation or trauma. The internal organs were pale but otherwise normal for gestational age.
Placenta and umbilical cord
The placenta weighed 580 g. The attached umbilical cord contained three vessels along the whole of its length. The cord vessels were found to lie free in the amniotic cavity over a length of 4.5 cm above the site of insertion of the cord, which is the abnormality known as furcate insertion of the umbilical cord. One vessel had been torn away at the point of insertion (Fig. 1, Vuc) , and a large amount of blood was seen in this area (Fig. 1, Vp) .
Histology and immunohistochemistry
Histological investigations revealed the internal organs to be largely normal for gestational age, but blood-depleted. The bronchial system contained numerous erythrocytes and occasional skin cells derived from aspiration of the bloodstained amniotic fluid. There was no evidence of any internal condition that could have contributed to the cause of death.
The presence of three cord vessels was confirmed histologically. No inflammatory infiltrates were found. The three vessels ran singly in the area of the furcate insertion, covered by amniotic epithelium but not by Wharton's jelly. Extensive fresh blood clots were seen at the site of the rupture, but there was no increase in inflammatory cells.
The ruptured vessel was identified as a vein by connective tissue staining (elastica van Gieson stain) and immunohistological staining for smooth muscle (sm-actin, Dako, Hamburg). The placental parenchyma exhibited the histological structure of a mature placenta. No morphological evidence of acute or chronic placental insufficiency or amnionitis was observed.
Cause of death
The findings of autopsy and investigation of the placenta revealed the cause of death to be fetal hypovolemic shock. This had resulted from traumatic rupture of the umbilical vein associated with the rare anatomical abnormality known as furcate insertion of the umbilical cord. Examination of the mother and the results of the autopsy did not reveal any indications of any external influence.
Variations in insertion of the umbilical cord
Anomalies of cord insertion (Fig. 2) are seen in 30-50% of pregnancies with no known risk factors [14] . These are mainly variations of the normal condition in which the site of insertion is paracentral and complications are rare. If paracentral insertion, which is clinically irrelevant, is excluded, then only about 9% of all singleton pregnancies can be said to exhibit a pathological insertion of the cord [3] . In the case of marginal insertion of the cord (approximately 7%), there is an increased risk of impairment of fetoplacental perfusion. However, the structure of the cord itself here is normal and the vessels are surrounded by Wharton's jelly. A markedly increased risk of the fetal circulation being compromised and vascular injury is associated with the rarer insertion anomalies such as velamentous insertion (1-2%) and aberrant vessels (2-3%) [1] .
In velamentous insertion of the cord, the umbilical vessels run through the membranes, sometimes for several centimeters, branching here and being devoid of Wharton's jelly in this area. This anomaly poses the risk of compression of the vessels, leading to severe impairment of perfusion, which may be associated with thrombosis. In the case of placenta previa, the vessels may rupture during parturition [1] .
When aberrant vessels are present, vascular loops lie free in the amniotic cavity. The complications are largely similar to those associated with furcate insertion of the cord.
Furcate insertion of the cord was first described by Hyrtl in 1870 [8] . It occurs with an incidence of 0.1%, being one of the rarest pathological insertion anomalies. The cord separates into two or three vessels in the proximity of the placenta and these are not surrounded by Wharton's jelly, but rather by amniotic epithelium alone. The lack of Wharton's jelly, therefore, produces a situation similar to that in velamentous insertion or aberrant vessels that is accompanied by a risk of vascular rupture as a result of fetal movements. The insertion itself may be central, paracentral, marginal, or velamentous with combinations of these also being possible [10, 14] .
Despite the risks described, furcate insertion is not always associated with complications, and most affected pregnancies progress uneventfully and end with the delivery of a healthy child [1] .
Discussion
Lethal complications involving the umbilical cord are found in 7.7-11.4% of stillbirths and 0.06% of all pregnancies [7, 14, 16] .
Although some of the insertion anomalies described can be detected by ultrasound [3, 15] , it would seem that it is not usually possible to diagnose furcate insertion prenatally. When fetal death occurs completely without warning at the end of a regularly monitored and uneventful pregnancy, the obstetrician is likely to be asked by the patient whether it would not have been possible to avoid this lethal outcome. It is, therefore, in the interest of both doctor and patient to perform an autopsy in all cases of IUFD [5, 13] . Blunt abdominal trauma, in particular, must always be excluded as an unnatural cause of death in late pregnancy. By contrast, legal and illegal abortion plays the most important role with regard to pregnancies that terminate during the first and second trimester [12] .
In the case described, the rupture of the umbilical vein leading to fatal hemorrhage was provoked by fetal movements in the amniotic cavity and can accordingly be considered traumatic. This "internal" and accidental trauma is not of relevance with regard to feticide and can be classified as a natural death. An accusation of professional negligence on the part of the parents would not be justified, especially as all antenatal examinations had been performed state-of-the-art, these kinds of anomalies cannot reliably be detected as a matter of routine and there are no guidelines concerning preventative measures in such cases.
